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Abstract.  In this work we provide a general overview about the natural 
and synthetic antioxidants and studies carried out to improve their 
potential. These compounds are able to scavenge free radicals that 
cause deterioration of food and pharmaceutical products during pro-
cessing and storage. Today there are several known natural compounds 
with antioxidant properties that are extracted from plants, which are 
mainly phenols and polyphenols. The limit for the use of these com-
pounds in the food and pharmaceutical industry as antioxidants con-
cerns their poor solubility in hydrophobic environment. This limitation 
was overcame in the past years by the introduction of synthetic antioxi-
dants, such as BHA (butylated hidroxy anisole), BHT (butylated hydroxyl 
toluene), TBHQ (tert butyl hydroquinone) and PG (propyl gallate). Un-
fortunately several authors showed that BHA, BHT, TBHQ and PG may 
present adverse effects on the health of living organisms. In recent 
years novel antioxidants have been synthesized from natural polyphe-
nols in order to modify the hydrophilicity/lipophilicity balance and 
increase their biological functionalities arising from insertion of new 
functional groups or molecule moieties in pre-existing natural polyphe-
nols. The aim of these modifications was to avoid the major adverse 
effects associated with the use of BHT, BHA, TBHQ and PG. 
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Introduction. In the food industry an antioxidant is a substance having 
the technical function of delaying the oxidation of nutrients, such as 
lipids, sugars and proteins, whose oxidation leads to an inevitable deteri-
oration of the organoleptic qualities of a food. Detrimental effects in-
clude undesirable formation of chemical compounds like aldehydes, 
ketones and organic acids that yield off-flavours [1,2]. Antioxidants must 
be inexpensive, nontoxic, effective at low concentrations (0.001–0.02%), 
capable of surviving processing (carry-through), stable in the finished 
products, and devoid of undesirable colour, flavour and odour effects [3]. 
Today in the food and pharmaceutical industry there is an extensive use 
of natural and synthetic antioxidants. Natural antioxidants such as poly-
phenols are primarily derived from plants, while the synthetic antioxi-
dants are chemically produced. Common synthetic antioxidants used in 
the food industry are BHA, BHT, PG and TBHQ, that have been under 
scrutiny because of the potential injurious effects in the health field, (i.e. 
carcinogenic effects, DNA damage properties, allergic contact dermatitis 
and others adverse effects) [4-15]. Antioxidants can be classified as pri-
mary or long-term antioxidants and secondary or processing antioxi-
dants. Primary antioxidants include hindered phenols and secondary aryl 
amines, while secondary antioxidants include organophosphites and 
thioesters. The first ones are active radical scavengers or hydrogen do-
nors or chain reaction breakers while the secondary ones are peroxide 
scavengers [16]. Consequently, it is clear the importance of antioxidants 
in food conservation. Lipids and nutrients, contained in many kinds of 
foods such as chiken meat, red meat, diary food, seafood, can undergoe 
spoilage. In general there are three way of deterioration in foods; autol-
sis, microbiological spoilage, and lipid oxidation [17,18]. The oxidation of 
lipids by molecular oxygen (see Tab.1) generates free radicals and can be 
accelerated by light, heat, or metal ions. The peroxides formed during 
these reactions can, in turn, react with other lipids, fatty acids in particu-
lar, to form new kinds of peroxides. This second stage of lipid oxidation, 
referred to as the propagation phase, persists until the final termination 
stage, which occurs when two free radicals combine [19]. The importance 
of antioxidants in this context is to quench ROS and reactive radicals 
species in a termination reaction to prevent the degradation of foods.  
Natural antioxidant. Natural antioxidants are widely distributed in 
plants, animal tissues and microorganisms. These compounds protect the 
organisms from damage by oxidative stress caused by reactive oxygen 
species(ROS) and reactive nitrogen species (RNS), such as hydroxyl radical 
(•OH), hydrogen peroxide (H2O2), superoxide (O2 •-), nitric oxide (NO•), 
peroxynitrite (ONOO-), and others, that damage proteins, lipids, and DNA 
inside the cells [20]. The plant kingdom is a major source of natural anti-
oxidants. In particular fruits, vegetables, spices, herbs, cereals, grains, 
oilseeds, leguminous seeds, teas, coffee and cocoa are the major sources 
of plant-derived antioxidants such as phenolics and carotenoids (see Tab. 
2) [21]. Polyphenols are the most abundant natural antioxidants in na-
ture. The term “polyphenols” refers to a class of natural compounds 
characterized by the presence of large multiples of phenol structural 
units [24]. This types of compounds are efficient antioxidants acting as 
free radical terminators or metal chelating agents [25]. The number and 
characteristics of these phenol structures underlie the unique physical, 
chemical, and biological properties of particular members of the class. 
They may be broadly classified as flavonoids (e.g. flavones, isoflavones, 
flavonols, flavonones, flavanols, anthocyanins, and condensed or hydro-
lysable tannins etc.) and non-flavonoids (e.g. phenolic acids, stilbenes 
and lignans) [25,26](Fig.1). Structurally most poly-phenols share the 
three-membered flavan ring system. Fig. 2 shows the ring labeling and 
numbering system of the flavan general structure, moreover there are 
also represented structures of catechol and gallol aromatic ring. In gen-
eral typical flavan ring substituents are H, OH, OCH3, galloyl esters, pro-
tocatecuic esters or carbohydrate groups, depending on the compound 
[20]. Polyphenols are able to function as antioxidant in different ways; as 
hydrogen donor, as metal chelators and as protein inhibitors. In the first 
case the phenolic hydroxyl groups can reacts with ROS and reactive radi-
cal species in a termination reaction, which breaks the cycle of genera-
tion of new reactive radicals. The resultant radical form of antioxidant 
have a much greater chemical stability than the initial radical, due to an 
electron delocalization [27]. An example of an hydrogen donor and free 
radical scavenger mechanism is represented by the reaction between 
Kaempferol and DPPH (Fig.3). Kaempferol is a monohydroxy B-ring fla-
voinoid and DPPH is a common abbreviation for the organic compound 
2,2-diphenyl-1-picrylhydrazyl, a stable free-radical molecule that is often 
used in a common antioxidant assay which provides an easy and rapid 
way to evaluate radical scavenging activity of specific compounds or 
extracts by spectrophoto-metry [28, 67]. After the donation of one hy-
drogen atom by Kaempferol to DPPH the resultant unpaired electron 
becomes highly delocalized and produces 10 resonance structures, a 
condition of high stability, infact the higher the number of resonance 
AJPhSci | Vol. 1, No. 1| 2013| 9 
G
R
IA
S 
P
u
b
lis
h
in
g 
P
ro
je
ct
   
 h
tt
p
:/
/w
w
w
.a
jp
h
sc
i.
co
m
 
R
EV
IE
W
 A
R
TI
C
LE
 
Received: January , 2014; Accepted: February , 2014; Published on line: February , 2014 
Initiation reaction R* + LH  →  RH  +  L*  L* = Lipid radicals  
Propagation reactions L*  +  O2  →  LOO
*  
LOO*  +  LH  →  LOOH  +  L*   
LOOH  →  LOO*,  LO*, aldehydes     
LOO* = Lipid peroxyl radicals  
LOOH = Lipid hydroperoxide 
Breakdown of lipid hydroperoxide 
Termination reactions 2L*  →  L-L 
2LO*  →  LOOL 
2LOO*  →  LOOL  +  O2  
Dimers and stable products 
Table 1. Lipid peroxidation and radical / non-radical intermediates formation. 
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structures, the lower the demanded energy for the formation of the free  
radical [29].The radical form of Kaempferol is able to donate another 
hydrogen atom to DPPH, forming the Kaempferol quinone. In the second 
case polyphenolic compounds are also able to form chelation complexes 
with metal ions involved in the production of free radicals, inhibiting this 
process [27]. For example Iron is implicated in many oxidative-stress-
related pathways and conditions, and is the primary generator of H2O2 
and Hydroxyl radical(•OH), the most reactive ROS known, that abstracts a 
hydrogen atom from biological substrates damaging biomolecules as 
lipids, proteins, DNA and other [20]. Iron, in nature, can be found as ei-
ther ferrous or ferric ion with the latter form of ferric ion predominating 
in foods. Ferrous chelation may provide important antioxidative effects 
by retarding metal-catalyzed oxidation[30,31]. Acid phenolic hydrogens 
of poliphenols shows pKa values in the range of 7–9 [32], but in the pres-
ence of iron polyphenols are easily deprotonated at or below physiologi-
cal pH and form very stable complexes. Precisely catechol and gallol moi-
eties of poliphenols, when deprotonated, are able to chelate Fe2+ and 
Fe3+ ions to form complex with octahedral geometry [20]. However, 
since polyphenol compounds are so structurally varied and the complex-
es are pH dependent, they often exhibit variable coordination modes. At 
pH values previously reported polyphenols stabilize the Fe3+ relative to 
the Fe2+, moreover catecholate and gallate complexes of Fe2+ rapidly 
oxidize in the presence of O2 to give Fe3+-polyphenol complexes that 
cannot participate in the Fenton reaction[20,33]. 
Fenton reaction: Fe2+ + H2O2 → Fe
3+ + ·OH + OH 
In the third case polyphenols may function as protein inhibitors. Precisely 
their structures formed by hydrophobic benzenoid rings and phenolic 
hydroxyl groups are capable to form hydrogen-bonds and have the po-
tential to interact with proteins and inhibit enzymes involved in radical 
generation processes, such as various cytochrome P450 isoforms, lipoxy-
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Type of phenols  Examples Food sources 
Phenolic acids   
Cinnamic acid  Cinnamon  
Vanilla beans  Vanilla bean 
Ellagic acid  Berries, walnuts  
Curcumin  Turmeric  
Rosmarinic acid  Rosemary 
Isoflavones  
Genistein 
Daidzein  
Soy bean and Fava 
bean  
Flavones   
Quercetina(flavonols)  
Kaempferol(flavonol)  
Apple, kale, dill, ca- 
persand, other fruits  
Taxifolin(flavanonols)  Citrus fruit  
Gingerol(flavanone)  Ginger 
Flavanols   
Catechin  
Epicatechin  
Fruit skins e.g. grape, 
apple, berries or tea  
Theaflavin  Tea leaves 
Anthocyanidins  Anthocyanins  
Berries, blackcurrant, 
bloodplum, cherry, 
redgrape, red apple, 
pomegranate, egg-
plant, redcabbage/
radicchio, Spanish 
red onion, purple 
corn, purple carrot, 
black rice 
Capsaicin  Chilli  
Polyphenolic amides   
Avenanthramides  Oats 
Other polyphenols   
Resveratrol  
Grapes, red wine, 
pistachio, peanut  
Lignans  
Flaxseed, sesame 
seed, rye, wheat, oat, 
barley  
Cinnamaldehyde  Cinnamon  
Ellagitannins  walnuts 
Table 2. Polyphenols subgroups and food sources [22,23] 
Figure 1. General classification of poliphenols in two groups Flavonoids 
and non Flavonoids. In brackets sub-groups. 
Figure 2. The ring labeling and numbering system of the flavan general 
structure. 
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genases, cyclooxygenase and Xanthine oxidase. [27,34] Synthetic an-
tioxidant. Today among all synthetic compounds that have been evaluat-
ed for their efficacy as radical scavenger or for their other inhibitory 
effect, only four are widely used in foods, namely butylated hidroxy ani-
sole (BHA), butylated hydroxyl toluene (BHT), propyl gallate (PG), and tert 
butyl hydro quinone (TBHQ) [35]. Introduction of alkyl groups into an 
aromatic ring is a useful and general approach to produce these antioxi-
dants, in general alkylation involves attack of electrophilic carbon species 
on the ring. One of the well known reaction is the Friedel-Crafts alkyla-
tion, that uses an alkyl chloride as reagent and anhydrous aluminum 
chloride as catalyst [36]. The choice of reagents and conditions depends 
upon the alkyl group and the reactivity of the ring. Industrially BHT is 
prepared by the reaction of p-cresol (4-methylphenol) with isobutylene 
(2-methylpropene) catalyzed by sulfuric acid while BHA is prepared from 
4-methoxyphenol and isobutylene in a similar reaction [37]. BHT is a 
white crystalline solid with a faint characteristic odor. It is insoluble in 
water and in propylene glycol, but is freely soluble in alcohol. It is used as 
a chemical antioxidant for food, cosmetics, and pharmaceuticals much 
like butylated hydroxyanisole (BHA). On the other hand BHA is a mixture 
of 3-tert-butyl-4-hydroxyanisole (typically 90% w/w) and 2-tert-butyl-4-
hydroxyanisole. BHA is insoluble in water, but is freely soluble in alcohol 
and in propylene glycol. These phenol derivatives react with the free 
radicals slowing the rate of lipids autoxidation that can lead to changes in 
the food's color and taste. BHT and BHA are also used as antioxidants in 
plastics, elastomers and petroleum (lubes, greases and waxes), practically 
bigger market size than food field. TBHQ (2-tert-butylhydroquinone) is a 
white, crystalline solid insoluble in water but soluble in alcohol and in 
ether. It can be synthesized selectively from hydroquinone (HQ) and 
isobutylene by alkylation in the presence of H3PO4 or H2SO4/H3PO4 cata-
lyst [38] or by alkylation with tert-butanol. In foods, it is used as a pre-
servative for unsaturated vegetable oils and many edible animal fats [39]. 
It’s also used in formulating varnish, lacquer, resins and oil field additives. 
It is used as a fixative in perfumery to reduce the evaporation rate and 
improve stability and as a stabilizer to inhibit the autopolymerization of 
organic peroxides. PG (propyl gallate or propyl-3,4,5-trihydroxy benzo-
ate ) is a white, odorless powder having a slightly bitter taste. It is slightly 
soluble in water and freely soluble in alcohol and in ether. This com-
pound is an ester formed by the condensation of gallic acid and propanol. 
Since 1948 it is used in food industry as antioxidant to prevent oxidation 
of foods containing oils and fats [40]. In addition to the food industry, the 
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 BHT BHA PG TBHQ 
    
OTHER NAMES  2,6-bis(1,1-
dimethylethyl)-4-
methylphenol / 2,6-di-
tertbutyl-p-cresol / 2,6-
di-tertbutyl-4-
methylphenol / Antra-
cine 8 / Lonol CP / 
Dalpac / Impruvol / 
Vianol /Tenox / Tenox 
8 / Sustane BHT. 
Mixture of two iso-
mers: 3-tertiary butyl-4
-hydroxyanisole and 2-
tertiary butyl-4-
hydroxyanisole / (1,1-
dimethylethyl)-4-
methoxyphenol / An-
tracine 12 / Embanox / 
Nipantiox / Sustane 
BHA / Sustane 1-F / 
Tenox 4B / Tenox 5B. 
n-propyl-3,4,5-
trihydroxybenzoic 
acid / Gallic acid, pro-
pyl ester / Nipa 49 / 
Nipagallin P/ Tenox 
PG / Sustane PG.  
2-(1,1-dimethylethyl)-
1,4-benzenediol / 
mono-t-butyl hydro-
quinone / Sustane 
TBHQ / Tenox TBHQ.  
FOOD USE  Breackfast cereals, 
Baked goods, potato 
chips, vegetable oils, 
snack foods, marga-
rine, frozen seafoods, 
chewing gum base 
Bakery products, meat 
product, spices, cere-
als, dehydrated 
mashed potatoes, 
beverage mixes, des-
sert mixes, nuts, vita-
mins, yeast, vegetable 
oils, animal fats, pro-
cessed cheeses, marga-
rine ,essential oils, 
chewing gum base.  
Chewing gum base, 
non alcoholic beverag-
es, margarine, mixed 
nuts, fresh or dry sau-
sages, pre-grilled beef 
patties, rendered ani-
mal fat, pizza toppings 
and meatball. 
Dry cereals, edible fats, 
margarine, pizza top-
pings, potato chips, 
poultry, dried meats, 
sausages, beef patties, 
vegetable oils.  
“E” NUMBER  E321 E320  E310  E319  
BHA BHT, propyl gallate, 
methionine, lecithin, 
thiodipropionic acid, 
citric acid, phosphoric 
acid. 
BHA, BHT BHA, citric acid SYNERGISTS  
SOLUBILITY %  In water at 20°C  Insoluble  Insoluble  <1%  <1%  
30% cottonseed, coco-
nut, corn, peanut and 
soybean oils.  
30% in cottonseed oil -
40% in coconut, corn, 
peanut oils -50% in 
soybean oils.  
1% in cottonseed oil –
2% in soybean oils –
Insoluble in con oil.  
10% in corn, cotton-
seed and soybean 
oils…  
In vegetable oils at 25°
C  
25%  >25%  >60%  25%  In ethanol solution 
100% at 25°C  
Insoluble  70%  -  30%  In propylene glycol 
at20°C  
Table 3. General Information about synthetic antioxidants.  
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PG is used as a anti-fade reagent in fluorescence microscopy to reduce 
photo-bleaching of fluorescences such as rhodamine and fluorescein [41] 
and is also used as antioxidant in cosmetics, hair products, adhesives, and 
lubricants. Tab. 3 shows all the most important information about the 
antioxidants mentioned above, along with their respective E numbers, 
that identify substances which can be used as food additives within the 
European Union and Switzerland (the "E" stands for "Europe"). They are 
commonly found on food labels throughout the European Union. The 
additives for food use undergo to a process of safety assessment before 
being approved by European and international countries. In Europe, the 
evaluation is carried out by the Food Safety Authority (EFSA), and at in-
ternational level by the Joint Expert Committee on Food Additives 
(JECFA ) of the Food and Agriculture Organization (FAO) and the World 
Health Organization (WHO). As previously mentioned, these compounds 
in food have the technical function of antioxidant preservatives. So they 
prevent oxidative rancidity development in oil-containing foods by termi-
nating free radicals formed during autoxidation of unsaturated lipids. 
Moreover they possess antimicrobial activity as a phenolic compound 
[35].  
 
Novel antioxidant. Common synthetic antioxidants used in the food 
industry, namely BHA, BHT, PG and TBHQ offer good protection during 
storage, but have been under scrutiny owing to the growing concern over 
their potential carcinogenic effects [4-15]. Moreover natural polyphenolic 
compounds are water-soluble due to the hydrophilicity arising from their 
hydroxyl groups. This may compromise their effective application as anti-
oxidant in lipophilic systems, such as fats, oils, lipid-based food or cos-
metic formulas and emulsions, as well as biological environments [21]. As 
a consequence, the development of compounds with better antioxidant 
capacity and less toxicity is desirable in health (es. prevention of deseas-
es), in food, in pharmaceutical and cosmetic field to improve shelf life of 
respective consumer products [42]. A possible way to prepare novel anti-
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Figure 4. stearic ester, eicosapentaenoic ester and docosaesanoic ester 
derivatives of EGCG. 
Figure 5. Esterification reaction of ferulic acid and vanilic acid with me-
thyl ricinoleate and methyl-12-hydroxystereate. 
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oxidant from natural phenols and polyphenols is to manipulate lipophilic-
ity/hydrophilicity balance (HLB) through chemical structure modification 
of these compounds [21]. The change in the solubility characteristics of 
natural antioxidants, without changing the molecular moieties responsi-
ble for antioxidant activity, can enhance antioxidant application in food, 
pharmaceutical and cosmetic fields [42]. In general the synthesis of es-
ters or amides derivatives of polyphenols with fatty acids or fatty alcohols 
represent a general way to make novel antioxidants. Moreover the conju-
gation between polyphenols with fatty acids may provide additional ad-
vantages by introducing new bioactive functional groups to the antioxi-
dant molecules[21]. The chemical literature is full of examples of esterifi-
cation of phenolic acids with aliphatic alcohols or poliphenols with fatty 
acids. Specifically these last were used to synthesize ester derivatives of 
ascorbic acid, tyrosol, rutin, protocatechuyl alcohol, vanillyl alcohol, escu-
lin, naringin, genistein and daidzein[43-48], while aliphatic alcohols have 
been used to esterify ferulic, chlorogenic, cinnamic, sinapic, p-coumaric 
and caffeic acids [49-53]. In the following paragraphs some examples will 
be reported. Fatty acids-Epigallocatechin gallate (ECGC) conjugation. 
Green tea is an important source of epigallocatechin gallate (EGCG), a 
natural powerful antioxidant that is effective in radical scavenging and 
metal chelation [54-55]. EGCG is the predominant one among the cate-
chins in tea, a group of flavonoids that are also responsible for the char-
acteristic colour, flavor and aroma of this famous drink. Like many other 
polyphenols, EGCG is poor soluble in lipophilic systems and this fact can 
greatly restrict its use as antioxidant in fats, oils, lipid-based food or cos-
metic formulas and emulsions, as well as biological environments [56]. In 
recent works [57-58] epigallocatechin gallate was esterified by acylation 
with acyl chlorides of selected long-chain saturated or polyunsaturated 
fatty acids such as SA (stearic acid), EPA (Eicosapentaenoic acid) and DHA 
(docosa-esanoic acid) to produce three esters (Fig. 4) with enhanced 
lipophilicity [56]. These products showed higher radical scavenging activi-
ty against peroxyl radicals than the parent EGCG molecule in acetone/
water solvent medium(for more information see [57]) and better or com-
parable antioxidant activities to that of the parent EGCG in biological 
model systems including LDL-cholesterol, DNA and liposome[56]. Moreo-
ver EGCG derivatives have demonstrated the ability to chelate prooxidant 
metal ions Fe2+ and showed excellent antiviral activities in inhibiting HCV 
protease and α-glucosidase, which were not significant for EGCG [57]. In 
conclusion these lipophilic derivatives of EGCG could be considered for 
use in food preservation and health promotion. Ricinoleate-phenolic 
acids conjugation. K.K. Reddy et al. published a very interesting work in 
2012 [42] focused on the synthesis, characterization and evaluation of 
four novel antioxidants, synthesized by conjugation between the phenol-
ic acids as ferulic and vanillic acids with methyl ricinoleate and methyl-12
-hydroxy stereate (see Fig.5), the first is the principal unsaturated fatty 
acid contained in castor oil, the last one is itssaturated analogue. Precise-
ly about 90% of the fatty acid content in castor oil is the triglyceride 
formed from ricinoleic acid, that is known to exert laxative, analgesic and 
anti-inflammatory effects in human health [59] . The choice of such com-
pounds has allowed the authors to assess the influence of unsaturation in 
the alkyl chain and in the side chain of phenolic acid on the antioxidant 
activity. The reactions to prepare four novel antioxidants were performed 
according to the chemoselective Mitsunobu esterification method [60]. 
Moreover antioxidant, antibacterial and antifungal activity of these novel 
molecules were evaluated. The radical-scavenging activity of the synthe-
sized compounds was determined through the use of DPPH radical scav-
enging assay in a polar homogeneous medium. In this polar conditions 
the four novel molecules, after lipophilisation, showed decreased radical-
scavenging activity respect to the starting free phenolic acids. The au-
thors explained this fact considering the increased hydrophobicity of the 
synthesized phenolipids. It is also to be noted that the ferulic acid deriva-
tives showed better radical-scavenging activity than the vanillic acid de-
rivatives . This fact proves the importance of the allylic double bond of 
ferulic acid in stabilising the phenoxy radical. Moreover the phenolipid 
products have demonstrated to inhibit the autoxidation of linoleic acid in 
Tween 20 micellar system (Tween represent a common commercial 
brand for nonionic surfactants polysorbates) significantly more than 
ferulic and vanillic acids and similar to DGG (dodecyl gallate), the well 
known grade antioxidant. This fact is particularly important because anti-
oxidants are widely used in cosmetic and food products to inhibit lipid 
peroxidation and most of these products exist in a formulated complex 
emulsion system[42]. Moreover the prepared compounds showed inter-
esting antifungal properties but none of the synthesized phenolic 
lipoconjugates showed any activity against the studied bacteria (for more 
information see [42] and references there cited). In conclusion these 
novel compounds have shown to be potential and interesting antioxidant 
additives for the storage of lipids against oxidative stresses. Dihydro-
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Figure 6. Two step sinthesys to prepare N-alkyl-N-aryl-3-(3,4-dihydroxy 
phenyl) propane-amides. 
Figure 7. Reaction scheme for the synthesis of substituted amino phenol 
analogues of tricyclic amine 5H-dibenz[b,f]azepine. 
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caffeic acid amide derivatives as novel antioxidants. In 2012 was pub-
lished a work [61] based on the synthesis of a variety of new N-alkyl-N-
aryl-3-(3,4-dihydroxyphenyl) propane-amides (Fig.6) as novel caffeic acid 
amide antioxidants. These compounds contain the aromatic structure of 
the dihydro-caffeic acid, that results to have higher radical scavenging 
and antioxidant activity compared to caffeic acid [61] . The choice to 
synthesize amide derivatives of caffeic acid is based on the fact that 
many reports have demonstrated the potential of these derivatives in the 
food and health fields. For example in 2001 Rajan P. et al. reported a new 
caffeic acid amides with good antioxidant activity and enhanced metabol-
ic stability [62]. Furthermore in 2002 was published a work in which the 
authors described the synthesis of 4-hydroxyphenylacetic acid amide, 
which possess potent analgesic activity [63]. Moreover the synthesis of 
caffeic acid amides, possessing antimicrobial activities, was reported in 
2010 [64]. As is shown schematically in Fig.6 a variety of new N-alkyl-N-
aryl-3-(3,4-dihydroxy phenyl) propane-amides were prepared in two 
steps synthesis. In the first step amines Ax-Bx were obtained by reductive 
amination between four different aldehydes that are Benzaldehyde(A1), 
4-hydroxybenzaldehyde(A2), vanillin(A4), syring aldehyde(A3) and three 
different amines (propylamine, hexylamine decylamine) for wich the 
imines produced were subsequently reduced with sodium borohydride. 
In the second step antioxidants dihydro-caffeic acid amide derivatives 
were prepared through coupling reaction between dihydro-caffeic acid 
(DCA) and the corresponding amines Ax-Bx, using BPO as a coupling rea-
gent. DPPH assays demonstrated a significantly higher radical scavenging 
activities of novel antioxidants N-alkyl-N-aryl-3-(3,4-dihydroxy phenyl) 
propane-amides than a-tocopherol, BHT and DCA. Furthermore, when 
compared to α-tocopherol and BHT, the new compounds offered better 
protection to polyunsaturated oils both under storage and frying condi-
tions [61]. Novel 5H-dibenz[b,f]azepine derivatives. Comparing to the 
importance of the O-H groups in phenols, that give good antioxidant 
capacity against radicals as idrogen donors, also the aryl secondary 
amines are able to act as chain transfers and chain terminators against 
free reactive radicals [64,65]. Recently H. Vijay Kumar and Nagaraja Naik 
published a work in which the tricyclic amine 5H-dibenz[b,f]azepine (A, 
Fig.7), that has proven to possess along with some of its derivatives an-
tiallergic activity, specifically antihistaminic activity, spansmolytic, seroto-
nin antagonistic, anti- convulsive, antiemetic, antiepileptic, antiinflam- 
matory, sedative and fungicidal action[66], was used as the starting com-
pound for preparing its substituted aminophenol analogues [67]. Fig.7 
showed the synthesis scheme. The first reaction reports the N-acylation 
of 5H-dibenz[b,f] azepine(A) with 3-chloro propionyl chloride, while the 
second reaction represents a base condensation between different ami-
nophenols and substituted aminophenols with 3-chloro-1-(5H-dibenz[b,f] 
azepine-5yl)propan-1-one(B), that is the product of the first reaction. The 
radical scavenging activity (RSA) was determined for all the synthsized 
compounds through the DPPH radical scavenging assay. Moreover the 
antioxidant activity in inhibition of lipid peroxidation was also evaluated, 
using β-carotene-linoleic acid assay [67], and inhibition of the oxidation 
of poly unsaturated fatty acid (PUFA) of human Low-density lipoprotein 
(LDL). LDL is one of the five major groups of lipoproteins, that are aggre-
gates containing both proteins and lipids and enable the transportation 
of fats such as cholesterol, phospholipids, and triglycerides, within blood 
stream. Oxidation modification in LDL may play an important role in the 
pathogenesis of atherosclerosis [68] and the protection of LDL by dietary 
antioxidants may therefore reduce atherogenesis [69]. 3-chloro-1-(5H-
dibenz[b,f]azepine-5yl)propan-1-one (B Fig.7) showed no significant radi-
cal scavenging activity over DPPH, while after its condensation with com-
pounds Cx (Fig.7) to give 5H-dibenz[b,f] azepine analogues (B-Cx, Fig.7) 
containing aminophenols and substituted aminophenol groups showed 
comparable or slightly less radical scavenging activity against DPPH than 
the ascorbic acid and BHA used as reference. Regarding to LDL oxidation 
(for more detailed information see [67]) compound (B) showed less activ-
ity with respect to compounds B-Cx in inhibiting LDL oxidation. Among 
the six compounds synthesized and evaluated with β-carotene-linoleic 
acid assay [67] compound B showed less activity, while compounds B-C4 
and B-C5 showed excellent activity in inhibiting lipid peroxidation fol-
lowed by aminophenol analogues B-C1, B-C2 and B-C3. In conclusion H. 
Vijay Kumar and Nagaraja Naik have demonstrated that the compounds B
-Cx have significant activity as antioxidants in different in vitro model 
systems. These effects as antioxidants may be useful in health and food 
fields in which free radical oxidation plays a fundamental role.  
 
Conclusions. Antioxidants are very important compounds for the correct   
conservation of food and pharmaceutical products. Nowadays there is an 
extensive use of synthetic antioxidants such as BHT, BHA, TBHQ and PG, 
which may present several health related problems. Future develop-
ments are focused mainly on the use of natural antioxidants with specific 
biological and chemical charachteristics, in order to improve the conser-
vation of food and pharmaceutical products and retard the detrimental 
effects of organoleptic proprieties. Moreover different research groups 
are working on the development of modified antioxidant natural com-
pounds, to improve some chemical characteristics of such molecules i.e. 
liposolubility. These efforts demonstrate that the field of antioxidants 
research will remain quite active in the future. 
 
References. 
 
1. Saad B., Sing Y.Y., Nawi M. A., Hashim N., Ali A. M., Saleh M. I., Ahmad, 
K. Food Chemistry, 2007, 105:389-394. 
2. C. Andre´, I. Castanheira, J.M. Cruzb, P. Paseiro and A. Sanches Silva, 
Trends in Food Science & Technology, 2010, 21: 229-246. 
3. F. Shahidi and Y. Zhong, Eur. J. Lipid Sci. Tech-nol., 2010, 112:930–940. 
4. Iverson F. Cancer Letters 1995, 93(1): 49–54. 
5. Ito N., Hirose M., Fukushima S., Tsuda H., Shirai T., Tatematsu M., Food 
and Chemical Toxicolo-gy, 1986, 24(10–11):1071–1082. 
6. Chihoung Chen, A.M. Pearson, J.I. Gray, Food Chemistry, 1992, 43
(3):177–183. 
7. Saito M., Sakagami H., Fujisawa S., Anticancer Res., 2003, 23(6C):4693-
701. 
8. Eskandania M., Hamishehkarb H., Dolatabadi J. E. N., Food Chemistry, 
2014, 153:315–320. 
9. Dolatabadi J. E. N., Kashanian S., Food Research International, 2010, 43
(5):1223–1230. 
10. Bauer A. K., Dwyer-Nield L. D., Keil K., Koski K., Malkinson A. M., Ex-
perimental Lung Re-search, 2001, 27(3) : 197-216. 
11. Bauer A. K., Dwyer-Nield L. D., Hankinc J. A., Murphy R. C., Malkinson 
A. M., Toxicology, 2001, 169 (1):1–15. 
12. Lanigan R.S., Yamarik T.A., Int J Toxicol., 2002, 21(S2):19-94. 
13. Gharavi N., El-Kadi A., Drug Metab. Dispos., 2005, 33 (3): 365–372. 
14. Hirose M., Yada H., Hakoi K., Takahashi S., Ito N., Carcinogenesis, 
2010, 14(1): 2359–2364. 
15. Kraus A. L., Stotts J., Altringer L. A., Allgood G.S., Contact Dermatitis., 
1990, 22(3):132-136. 
16. Andre C., Castanheira I., Cruzb J.M., Paseiro P., Sanches Silva A., 
Trends in Food Science & Technology, 2010, 21:229-246. 
17. Kulawik P., Ozogul F., Glew R., Ozogul Y., J. Agric. Food Chem, 2013, 
61: 475-491. 
18. Ghaly A. E., Dave D., Budge S., Brooks M. S., Am. J. Appl. Sci. 2010, 
7:859−877. 
19. Frankel E. N., Prog. Lipid Res., 1980, 19:1−22. 
20. Perron N. R., Brumaghim J. L., Cell Biochem Bi-ophys , 2009, 53:75–
100. 
21. F. Shahidi and Y. Zhong, Eur. J. Lipid Sci. Tech-nol. 2010, 112:930–940. 
22. Tsao R., Nutrients, 2010, 2:1231-1246. 23. Bolling B.W., Chen C.Y., 
McKay D.L., Blumberg J.B., Nutr Res Rev., 2011, 24(2):244-275. 
24. Quideo S.P., Deffieux D., Douat-Casassus C.L.,Pouysegu L., 2011, An-
gewandte Chemie In-ternational Edition 50(3):586. 
25. Mellou F., Loutrari H., Stamatis H., Roussos Ch., Kolisis F. N., 2006, 
Process Biochemistry 41: 2029-2034. 
26. Manach C. , Scalbert A., Morand C., Rémésy C., Jime´nez L. , Am. J. 
Clin. Nutr. 2004, 79:727–747. 
27. Pereira D. M., Valentão P., Pereira J. A., Andrade P. B., Molecules, 
2009, 14: 2202-2211. 
28. Sharma O. P. and Bhat T. K., Food Chemistry, 2009, 113 (4):1202–
1205. 
29. Tsimogiannis D. I., Oreopoulou V., Innovative Food Science and 
Emerging Technologies, 2006, 7:140– 146. 
30. Ilhami G., Zubeyr H. , Mahfuz E., Hassan Y. Aboul-Enein, Arabian Jour-
nal of Chemistry, 2010, 3: 43–53. 
31. Gülçin İ., Innovative Food Science and Emerging Technologies, 2010, 
11: 210–218. 
32. Aktaş A. H., Şanlı N., Pekcan G., Acta Chim. Slov., 2006, 53:214–218. 
33. Perron N. R., Wang H. C., DeGuire S. N., Jenkins M., Lawson M., 
Brumaghim J. L., Dalton Trans., 2010, 39:9982–9987. 
34. Yang C. S., Landau J. M., Huang M. T., Newmark H. L., Annu. Rev. 
AJPhSci | Vol. 1, No. 1| 2013| 14 
G
R
IA
S 
P
u
b
lis
h
in
g 
P
ro
je
ct
   
 h
tt
p
:/
/w
w
w
.a
jp
h
sc
i.
co
m
 
R
EV
IE
W
 A
R
TI
C
LE
 
  
Albanian Journal of Pharmaceutical Sciences | Vol. 1 No. 1 | 2013 
ISSN 2313-1772  
Nutr. 2001, 21:381-406. 
35. Bailey’s Industrial Oil and Fat Products, Sixth Edi-tion, Six Volume 
Set.Edited by Fereidoon Shahidi, Copyright 2005 John Wiley & Sons, Inc. 
36. Brown W. H., An Introduction to Organic Chemis-try (Saunders Gold-
en Sunburst Series), Harcourt Brace College Publishers, 1997. 
37. Fiege H., Voges H. W., Hamamoto T., Umemura S., Iwata T., Miki H., 
Fujita Y., Buysch, Dorothea Garbe H. J., Wilfried Paulus "Phenol Deriva-
tives" Ullmann's Encyclopedia of Industrial Chemistry, Wiley-VCH, Wein-
heim, 2002. 
38. Xin-bao Zh., Wen Y., Chemistry and Industry of Forest Products, 2004, 
24(4):111-115. 
39. World Health Organization, Geneva, 1999- Fifty first meeting of the 
Joint FAO/WHO Expert Com-mittee on Food Additives (JECFA). http://
www.inchem.org/documents/jecfa/jecmono/v042je26.htm 
40. Final Report on the Amended Safety Assessment of Propyl Gallate. 
International Journal of Toxicol-ogy, 2007, 26 (suppl. 3): 89–118. 
41. Widengren J., Chmyrov A., Eggeling Ch., Löfdahl P. Å., Seidel C. A. M., 
The Journal of Physical Chemistry A., 2007, 111(3): 429–440.  
42. Reddy K.K., Ravinder Th., Kanjilalet S., Food Chemistry, 2012, 
134:2201–2207  
43. Stamatis H., Sereti V., Kolisis F. N., J. Am. Oil Chem. Soc., 2007, 76: 
1505–1510.  
44. Aissa I., Bouaziz M., Ghamgui H., Kamoun A., Miled N., Sayadi S., Gar-
gouriet Y., J. Agric. Food Chem., 2007, 55:10298–10305.  
45. Torres de Pinedo A., Penalver P., Pe´rez-Victoria I., Rondo´n D., Mo-
rales J. C., Food Chem., 2007, 105: 657–665.  
46. Ardhaoui M., Falcimaigne A., Engasser J. M., Moussou P., Pauly G., 
Ghoul M., Biocatal. Bio-transformation, 2004, 22: 253–259.  
47. Kontogianni A., Skouridou V., Sereti V., Stamatis H., Kolisis F. N., Eur. 
J. Lipid Sci.Technol. 2001, 103: 655–660.  
48. Lewis P., Wa¨ha¨la¨ K., Meng Q. H., Adlercreutz H., Tikkanen M. J., 
Synthesis of antioxidant iso-flavone fatty acid esters. Natural antioxidants 
and anticarcinogens in nutrition, health and disease: Proceedings of the 
Second International Confer-ence on Natural Antioxidants and Anticarcio-
no-gens in Nutrition, Health and Disease Helsinki, Finland, 24–27 June, 
1998.  
49. Sabally K., Karboune S., Yeboah F. K., Kerma-sha, S., Appl. Biochem. 
Biotechnol. 2005, 127:17–27.  
50. Lee G. S., Widjaja A., Ju Y. H., Biotechnol. Lett., 2006, 28:581–585.  
51. Lopez-Giraldo L. J., Laguerre M., Lecomte J., Fi-gueroa-Espinoza M. C., 
Barouh N., Baréa B., Vil-leneuve P., Enzyme Microb. Technol., 2007, 41: 
721–726.  
52. Lue B. M., Karboune S., Yeboeah F. K. Kermasha S., J. Chem. Technol. 
Biotechnol., 2005, 80:462–468.  
53. Stevenson D. E., Parkar Sh. G., Zhang J., Stanley R. A., Jensen D. J., 
Cooney J., M. Enzyme Mi-crob. Technol., 2007, 40:1078–1086.  
54. Zhu N., Sang S., Huang T.C., Bai N., Yang C. S., Ho C. T., Journal of Food 
Lipids, 2000, 7:275–282.  
55. Sun T., and Ho C. T., Journal of Food Lipids, 2001, 8:231–238.  
56. Zhong Y., Shahidi F., Food Chemistry, 2012, 131:22–30.  
57. Zhong Y., Ma C. M., Shahidi F., Journal of Func-tional Foods, 2012, 
4:87-93.  
58. Zhong Y., and Shahidi, F., Journal of Agricultural and Food Chemistry, 
2011, 59:6526–6533.  
59. Vieira C., Evangelista S., Cirillo R., Lippi A., Maggi C.A., Manzini S., 
Mediators Inflamm., 2000, 9(5):223–228.  
60. Appendino G., Minassi A., Daddario N., Bianchi F., Tron, G. C., Organic 
Letters, 2002, 4:3839-3841.  
61. Aladedunye F., Catel Y., Przybylski R., Food Chemistry, 2012, 130:945–
952.  
62. Rajan P., Vedernikova I., Cos, P., Berghe V. D., Augustyns K., Haemers, 
A. Bioorganic & Medici-nal Chemistry Letters, 2001, 11:215–217  
63. Jung Y. S., Kang T. S., Yoon J. H., Joe B. Y., Lim H. J., Seong C. M., Park 
W. K., Kong J. Y., Cho J., Park N. S., Bioorganic & Medicinal Chemistry Let-
ters, 2002, 12, 2599–2602.  
64. Fu J., Cheng K., Zhang Z., Fang R., and Zhu H. European Journal of 
Medicinal Chemistry, 2010, 45:2638–2643.  
65. Rabek J. F., Photostabilization of Polymers. Else-vier, New York, 1990.  
66. Fouche J., Leger A., German Patent. 2, 031,236; Chem. Abstr. 74 
(1971) 76346r.  
67. Kumar H. V., Naik N., European Journal of Medic-inal Chemistry, 
2010, 45:2–10.  
68. Steinberg D., Parthasarathy S., Carew T.E., Khoo J.C., Witzum J.L., N. 
Engl. J.Med., 1989, 320:915-924  
69. Kinsella J.E., Frankel E., German B., Kanner L., Food Technol., 1993, 
47:85–89.  
AJPhSci | Vol. 1, No. 1| 2013| 15 
G
R
IA
S 
P
u
b
lis
h
in
g 
P
ro
je
ct
   
 h
tt
p
:/
/w
w
w
.a
jp
h
sc
i.
co
m
 
R
EV
IE
W
 A
R
TI
C
LE
 
